Abstract: Novel derivatives of 6-amino-2-phenylbenzothiazole bearing different substituents (amino, dimethylamino or fluoro) on the phenyl ring were prepared as the corresponding hydrochloride salts. 6-Nitro-2-(substituted-phenyl)benzothiazoles (1-6) were synthesized by condensation reactions of substituted benzaldehydes with 2-amino-5-nitrothiophenol. Nitro derivatives were reduced to the amino derivatives with SnCl 2 /HCl. Water soluble hydrochloride salts of 6-amino-2-(substituted-phenyl)benzothiazole (13-19) were prepared using concentrated or gaseous HCl. Compounds 13-19 were found to exert cytostatic activities against malignant human cell lines: cervical (HeLa), breast (MCF-7), colon (CaCo-2), laryngeal carcinoma (Hep-2), and normal human fibroblast cell lines (WI-38).
Introduction
The study of benzothiazole derivates is of considerable current interest as a result of their important biological and biophysical properties. 2-Aryl or 2-heteroaryl substituted benzothiazoles are studied as antitumor [1] , antimicrobial [2] , antifungal [3] agents, as well as imaging agents for β-amyloid [4] . A series of potent and selective antitumor agents derived from 2-(4-aminophenyl)benzothiazole was extensively examined and developed during recent years and the fluorinated analogue, 2-(4-amino-3-methylphenyl)-5-fluorobenzothiazole is a novel agent with potent and selective antitumor properties which in the form of its L-lysylamide prodrug, Phortress, is in early phase clinical studies [5] .
In connection with our studies on the synthesis and biological properties of substituted benzothiazoles [6] [7] [8] we turned our attention to the synthesis and antitumor evaluation of novel 2-(substituted-phenyl)-6-aminobenzothiazole as analogous of 2-(4-aminophenyl)benzothiazole prepared as hydrochloride or dihydrochloride salts.
Results and Discussion

Synthesis
An efficient synthesis of 2-phenylbenzothiazole derivatives was carried out by the reactions outlined in Scheme 1. Starting from 2-amino-5-nitrothiophenol (freshly prepared by basic hydrolysis of 6-nitrobenzothiazole) and the corresponding aromatic aldehyde 6-nitro-2-(monosubstituted phenyl)-benzothiazoles 1-6 were obtained in moderate yield (40-70%) by condensation in pyridine (procedure A). The reduction of nitro compounds was accomplished with SnCl 2 in methanol-HCl mixtures in a short time at reflux giving the desired 6-amino-2-phenylbenzothiazole derivatives 7-12 in good yields of 70-80% (procedure B). Treating the solutions of amines 10-11 or diamines 7-9, dissolved in a mixture of abs. ethanol and xylene (1:1, v/v) with concd. hydrochloric acid (procedure C) the corresponding amines were protonated and isolated as pure hydrochlorides 13-17, 19 in excellent yields (91-99%) without recrystallization. The same products can be obtained in similar yields by treating the amines with gaseous HCl (procedure D). Only for 6-amino-2-(3-fluorophenyl)-benzothiazole (11) was selective preparation of the monohydrochloride salt 17 (procedure C) and the dihydrochloride salt 18 (procedure D), in which protonation occurs on both the amino and benzothiazole nitrogens possible. The structures of new compounds 1-19 were confirmed by elemental analysis and spectral data (IR, NMR). Due to a very low solubility of nitro compounds 2 and 3, only elemental analysis, and IR spectra were recorded.
Biological Activity
The effects of the seven water soluble compounds 13-19 were tested on the human malignant cell lines: cervical (HeLa), breast (MCF-7), colon (CaCo-2), laryngeal carcinoma (Hep-2) and normal human fibroblast cell lines (WI-38). Inhibitory effects are shown in Table 1 . 
Experimental
General
Melting points were determined on a Kofler hot stage microscope and are uncorrected. IR spectra were recorded on a Nicolet Magna 760 spectrophotometer in KBr discs.
1 H-and 13 C-NMR spectra were recorded on either a Varian Gemini 300 or a Brucker Avance DPX 300 spectrometer. Chemical shifts (δ) are reported in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard, and coupling constants (J) are given in hertz (Hz). Elemental analyses were carried out in the Microanalitical laboratory at the Rugjer Boskovic Institute. All compounds were routinely checked by TLC with Merck silica gel 60F-254 glass plates. 2-Amino-5-nitrothiophenole was prepared according to the procedure described for preparation of 2-amino-5-cyanothiophenole [9] from 6-nitrobenzothiazole.
Synthesis of 6-nitro-2-(substituted-phenyl)benzothiazoles 1-6
Procedure A: To a boiling solution of the appropriate substituted benzaldehyde (0.02 mol) in pyridine (20 mL), a solution of 2-amino-5-nitrothiophenole (0.02 mol) in pyridine (20 mL) was added dropwise, and the stirred reaction mixture was refluxed for 20 h. The mixture was then poured into 300 ml of 2 M hydrochloric acid and after cooling overnight the obtained crystalline product was filtered off and crystallized from appropriate solvent. Using this procedure the following compounds were prepared. 
6-Nitro-2-(2-nitrophenyl)benzothiazole (1
Synthesis of 6-amino-2-(substituted-phenyl) benzothiazoles 7-12
Procedure B: A solution of tin(II) chloride dihydrate (9 g, 0.04 mol), concd. HCl (18 mL) and methanol (18 mL) was added to the appropriate 6-nitro-2-(nitrophenyl)benzothiazole 1-3 (0.005 mol) , or 0.01 mol of the compounds 4-6. The mixture was stirred and refluxed for 15 min. Methanol was removed by vacuum evaporation and the residue was dissolved in water. After basification to pH > 9 with 20% NaOH the product was extracted with ether and dried (MgSO 4 ). The solvent was removed under reduced pressure and the white solid obtained was crystallised from the appropriate solvent. The following compounds were prepared by thus method: 
6-Amino-2-(4-N,N-dimethylaminophenyl)benzothiazole (10
Synthesis of amine hydrochloride salts 13-19.
Procedure C: The amines 7-12 (0.005 mol) were dissolved in a warm mixture of ethanol and xylene (1:1, v/v) followed by the addition of concd. HCl (1.0 mL). The contents were stirred in a stoppered flask for 4 h. The precipitated pure crystals were collected by filtration, washed with dry ether, and dried in vacuo. The following compounds were prepared by this method: Procedure D: The amines 7-12 (0.005 mol) were dissolved in a warm mixture of ethanol and xylene (1:1, v/v). A stream of dry hydrogen chloride was passed through the solution for 1 h while cooling to room temperature. The contents were then stirred in a stoppered flask for 2 h. The precipitated pure crystals were collected by filtration, washed with dry ether, and dried in vacuo. The following compound was prepared by this method: 
6-Amino-2-(2-aminophenyl)benzothiazole dihydrochloride (13
6-Amino-2-(4-N,N-dimethylaminophenyl)benzothiazole dihydrochloride (16
6-Amino-2-(3-fluorophenyl)
Cell culture
Five different human cell lines were used for cytotoxicity screening: colon adenocarcinoma (CaCo-2), cervical adenocarcinoma (HeLa), laryngeal carcinoma (Hep-2), mammary adenocarcinoma (MCF7), lung fibroblast (WI-38). Cells were seeded in tissue culture flasks (Sarstedt, Numbrecht, Germany) in Dulbecco's Modified Eagle medium (DMEM) (Gibco, Paisley, Scotland) supplemented with 10% foetal bovine serum (FBS; Gibco), 2 mM glutamine, 100 U/mL penicillin, and 100 µg/mL streptomycin in a humidified atmosphere with 5% CO 2 at 37 °C. The cultures were passaged at preconfluent densities with the use of 0.025% trypsin (Institute of Immunology, Zagreb, Croatia).
Cytotoxicity assays
For the experiments the cells were seeded onto 96-well microtiter plates at a density of 2 x 10 3 cells per well and allowed to adhere for 24 h before the benzothiazoles were added over a concentration range of 1-100 µM. Stock solutions of benzothiazoles were dissolved in DMSO (Sigma, Deisenhofen, Germany) at the concentration of 0.1 M and were diluted with medium without bovine calf serum. The DMSO concentration was adjusted to be the same in test and control plates (1%). All drug solutions were freshly prepared on the day of testing. After incubation with benzothiazoles for 72 h, cell growth was established according to the results of MTT assay [10] -Sigma, Deisenhofen, Germany. Each experiment was made in quadruplicate and repeated three times. The absorbency was measured on a microplate reader at 570 nm. (Labsystems, Finland) The percentage of growth (PG) of the cell lines was calculated according to the following expression:
[(Ti -Tz) / (C -Tz)] x 100 for concentrations for which Ti > / = Tz % where mean Tz = the average of optical density measurements before exposure of cells to the test compound, mean Ti = the average of optical density measurements after the desired period of time, and mean C = the average of optical density measurements after the desired period of time with no exposure of cells to the test compound. The results are expressed as IC 50 , which is the concentration necessary for 50% inhibition. The IC 50 values for each compound are calculated from dose response curves using linear regression analysis by fitting the test concentrations that give PG values above and below the reference value (i.e. 50%). Each result is a mean of IC 50 ± SD value from three separate experiments.
